Boletus spp. is a wild edible Gelam mushroom, which is only available at coastal area of Bachok, Kelantan. Locals have used this mushroom as a food source and as a traditional medicine. In this study, antioxidants were extracted using Mili-Q water and methanol. Extraction of 1.0 g of Boletus spp. mushroom pileus and stipe by water produced 0.22 ± 0.09 g and 0.3 ± 0.07 g of total aqueous soluble extracts, respectively. Methanol extraction of 1.0 g Boletus spp. mushroom pileus and stipe produced 0.31 ± 0.08 mg and 0.37 ± 0.05 mg of total methanol soluble extracts, respectively. DPPH assay has been used to determine the value of antioxidant efficiency of each extracts. DPPH assay revealed that the EC50 value of pileus aqueous soluble extract and both pileus and stipe methanol soluble extracts were 1.2 mg/ml. The EC50 value of stipe aqueous soluble extracts was 1.4 mg/ml. The EC50 value of ascorbic acid, an antioxidant control was 0.5 mg/ml. Liquid chromatography-DPPH (LC-DPPH) assay combined with Quadrupole Time-of-flight Mass Spectrometry (QTOF-MS) analysis of 3:2 ratio methanol and water extract has detected 43 antioxidant compounds that were involved in the reduction of DPPH. To identify these compounds, SIMCA 3.0 software that consists of PCA, OPLS-DA and s-plot analyses had been used. PCA analysis had shown the antioxidant activity from sample on DPPH as 73.6%. This antioxidant activity confirmed by OPLS-DA analysis had shown the variability between sample and control as 99.6% with 99.3% prediction. S-plot selection had shown ten antioxidant compounds significantly involved in the DPPH assay. Four of these compounds were identified by the METLIN and NIST databases. The antioxidant metabolites were 2,4,6-trimethylacetophenone imine, glutamyl tryptophan, azatadine and lithocholic acid glycine conjugate. In conclusion, this study revealed that Boletus spp. mushroom is rich with natural antioxidants, which are potentially useful for multiple nutritional and health applications.
Introduction
Number of chronic human diseases such as cardiovascular and cancer are increasing globally. Besides genetic inheritance factor, several publications designate that one of the most important factor of causing human diseases is posed by uncontrolled production of free radicals, very active by-products having one or more unpaired electrons [1] - [5] . As a result, these free radicals will accumulate in the body and leading to those diseases when the free radicals abundance in the human body becomes unbalance [6] .
Alongside the harm that free radicals can persuade in biological systems, they are major culprits of food corrosion, loss of colour, taste, and diet value. Artificial antioxidants, used in the processed food as food-preserving, are being limited due to their hazard of carcinogenicity [7] . For these reasons, many consumers prefer natural food additives, such as extracts from fruits and vegetables, over synthetic ones. Isolation of natural antioxidants from plants or fungi for food applications is therefore necessary.
A big number of fungal-derived bioactive compounds, both cellular components and secondary metabolites, have been shown to affect the human immune system and could be used to treat a variety of diseases [1] . Recent increase in the application of bioactive compounds produced by white rot fungi in the food processing or pharmaceutical industry [8] is activating a global search for new natural bioactive compounds of fungal origin. Moreover, their production has become an important field of contemporary biotechnology.
Consequently, extensive studies have been conducted to find and test the antioxidant compounds especially from natural resources for instance mushrooms. Mushrooms have been reported as therapeutic food in order to prevent several diseases such as hypertension, hypercholesterolemia, atherosclerosis and cancer [8] - [11] . These therapeutic functions are mainly due to mushrooms' chemical composition [12] .
Boletus spp. are basidiomycete fungi comprising over 100 species distributed around the world [13] . Some of them are edible and have valuable health value such as low in calories and fat besides high in carbohydrate, protein, mineral and vitamin [12] - [14] . One of them is known as Gelam mushroom (Boletus spp.) which is a wild edible mushroom from Kelantan state in the north-east of Peninsular Malaysia. Local people claim that this mushroom can treat cancer disease and lowering blood sugar level. However, there is no scientific study conducted yet to support these claim.
Mushrooms have powerful antioxidant properties derived from different compounds such as selenium, ergothioneine, and phenolics. Mushrooms are considered to be a good source of phenolic antioxidants, such as variegatic acid and diboviquinone [15] . Some reports dealing with these phenolic compounds report on less antioxidant activity of diboviquinone in comparison to variegatic acid [16] . Nowadays, mushrooms are known as a useful food and source of physiologically valuable components that could be of great interest.
Considering the growing interest for mushrooms, as dietary source for human consumption, and the demand search of natural antioxidants sources, the aim of this study was to determine the EC 50 value of various extract from Boletus spp. for their potential antioxidant activity and in order to analyze the potential antioxidant activity of different extracts from the Boletus spp. using LC-QTOF-MS.
Materials and Methods

Chemicals
Methanol and acetonitrile (both HPLC grade) was purchased from Aldrich-Sigma and Mili-Q water was produced by Mili-Q Integral 5 water purification system. For mobile phase additive, formic acid (purity ≥ 99%) was used and purchased from Aldrich-Sigma.
Sample Collection and Treatment
Boletus spp. was collected at Bachok (6.0667˚N, 102.4000˚E), Kelantan. All the samples were cleaned by brushing the entire sample surface before quenching into liquid nitrogen to bring back to lab. In the lab, all the samples were separated to pileus and stipe prior to lyophilization using freeze dryer (Freezone 4.5, Labconco, Kansas City, MO, USA; temperature: −40˚C). Afterwards, all the samples were pulverized using UDY cyclone mill to make fine powder sample and stored at −80˚C until use.
Sample Extraction for DPPH Oxidation Assay
Sample preparation was carried out as described by Wong and Chye [17] with some modification. 1 g of stipe fine powder sample was weighed and transferred into 250 mL Erlenmeyer flask containing 5 mL of methanol. The mixture was incubated by shaking at ambient temperature in dark environment for overnight. Subsequently, the mixture was filtered by using what man No.1 filter paper to separate the extract from the sample residue. The extract was concentrated by rotary evaporator (IKA® HB10, CB-1906, Janke & Kunkel-IkaLabortechnik, Germany) under reduced pressure at 60˚C. The crude extract was stored in −20˚C for next uses. All the extraction steps were repeated but methanol was substituted by water and was boiled for 10 minutes prior to incubation. Freeze dried technique was applied instead of rotary evaporator to concentrate the water extract. Each extract was performed in five replicates and yield of extraction was reported as mean ± standard deviation value. All the extraction technique was repeated using pileus fine powder sample instead of stipe fine powder sample.
DPPH Oxidation Assay
DPPH oxidation assay was performed according to Calderón et al. [18] , Wong & Chye [17] and Mujic et al. [19] with some modifications. 1 ml of methanol or water extract (1 mg/ml to 5 mg/ml) was mixed with 1 ml of 0.1 mM DPPH in 15 ml falcon tube. The mixture was shaken vigorously and incubated at ambient temperature for 15 minutes. Next, the absorbance of mixture was determined by using Cary® Bio UV-visible spectrophotometer (Varian, Australia) at 515 nm. In order to zero the absorbance, methanol was used as blank. Mixture without any type of extract and ascorbic acid were used as control and standard, respectively. The antioxidant activity of methanol or water extract was calculated as follow:
where as A0 is the absorbance of the control and A1 is absorbance of the sample.
DPPH Oxidation Assay for LC-QTOF-MS
The sample preparation for LC-TOF-MS screening of DPPH oxidation assay was conducted according to Calderón et al. [18] and Gummer et al. [20] with some modification. 150 mg of fine powder sample was weighed and transferred into pre-chilled 2 ml microcentrifuge tube. 600 μl of pre-chilled methanol was added and shaken vigorously by using vortex prior to incubate for overnight at −20˚C. After that, the supernatant was separated from its residue by centrifuging at 10,000 rcf for 15 minutes. The supernatant was transferred into a new pre-chilled 2 ml microcentrifuge tube and stored at −20˚C until for next use. The residue was re-dissolved by adding 400 μl of pre-chilled Mili-Q water and shaken vigorously by using vortex. The mixture was incubated for overnight at 4˚C. Subsequently, the supernatant was separated from its residue by the same technique as methanol solvent. The supernatant was transferred into the previous 2 ml microcentrifuge tube containing the methanol extraction and shaken gently before adding 1 ml of 1 mg/ml of DPPH in methanol solvent. After 5 minutes, the mixture was filtered and immediately analyzed by injecting into the LC-QTOF-MS.
LC-QTOF-MS Instrumentation for DPPH Oxidation Assay
This study was performed according to Hajji et al. [21] and Vaclavik et al. [22] with some modification. The LC-QTOF-MS used in this study was an Agilent 1290 liquid chromatography consist of binary pump, autosampler, column thermostat compartment and diode array detector hyphenated to an Agilent 6550 mass spectrometry QTOF equipped with electrospray ionization (ESI) via Jet Stream Technology (Agilent Technologies, Santa Clara, CA, USA). The matrix separation was conducted via the reversed phase Zorbax Eclipse Plus C18, 2.1 mm × 100 mm, 1.8 μm particle size (Agilent Technologies, Santa Clara, CA, USA). Mili-Q water with 0.1% of formic acid (A) and acetonitrile with 0.1% formic acid (B) were used as the mobile phase with linear gradient from 5% -95% of B for 19 minutes at flow rate 0.5 ml/min. The injection volume was set to 1 μl per sample. Then, all the samples were ionized at positive mode ionization and continuous internal calibration was per-formed during all chromatographic separations, comprising of protonated purine and protonated hexakis (2,2-difluoroethoxy) phosphazine signals, m/z 121.0509 and m/z 922.0098, respectively. The drying gas temperature was set to 225˚C, nozzle voltage to 2000 V, sheath gas temperature 275˚C, sheath gas flow 12 liter/min, drying gas flow to 13 liter/min, nebulizer pressure to 20 psi, capillary voltage to 4000 V and spectra acquisition rate to 4 spectra/second. As comparison, Mili-Q water was used as blank to detect any background or impurity peaks whereas sample without DPPH in methanol solvent was used as control. All the samples were prepared for eight biological replicates prior to injection with three technical replicates.
Antioxidant Metabolites Identification
Antioxidant metabolites were identified by comparing the mass spectral and retention time of detected compounds with those following database: Agilent METLIN database and National Institute of Standards and Technology (NIST).
Data and Statistical Analysis
Masshunter Workstation software (version 4.0 Qualitative Analysis, Agilent Technologies, Santa Clara, CA, USA) consists of Qualitative Analysis B.05.00 (MQA) and Mass Profiler Professional B.12.6 (MPP) was used for processing full single MS data. Data analysis was started by using MQA through specific algorithm (intensity threshold: 1000 cps, retention time: 1 -23 minutes) to extract ions from the full single MS data in form of molecular features (MFs). Background subtraction was also performed in order to remove the impurity or contaminant peaks base on blank chromatogram. Then, all the MFs were converted to compound exchange format (.cef files) to be exported to MPP for antioxidant metabolites profiling. Subsequently, MPP was used to analyze the (.cef files) through compounds alignment, filtering, significance testing and fold change. Results for MPP were used back in MQA to re-extract ions from the full single MS data instead of using previous algorithm to avoid false positive and proceed to MPP as mention previously. Afterwards, results from MPP were exported to SIMCA 13 to perform multivariate analysis including principle component analysis (PCA), orthogonal partial least square discriminant analysis (OPLS-DA) and s-plot.
Results and Discussions
Yield of Methanol and Water Extract from Boletus spp.
In order to determine active compounds in Boletus spp., extraction yield from methanol and water solvent are calculated from five replicates. As shown in Table 1 , yield of extract percentage from fresh Boletus spp. is significantly high in methanol extract either for pileus or stipe compares to all type of water extract. This result is in line with those data obtained in previous studies done on different wild tropical edible mushroom like Pleurotus porrigens, Hygrocybe conica, Xerula furfuracea, Schizophyllum commune and Polyporus tenuiculus [17] , Lentinus edodes and Volvariella volvacea [23] suggesting that most of the active compounds in Boletus spp. are organic compounds which soluble readily in methanol (organic solvent) but not in aqueous medium (water). Meanwhile, there is significant difference observed between extraction parts of Boletus spp. as well with stipe shows significantly high for yield of extract either for methanol or water extracts. This is presumably that the polar active compounds came from this part.
DPPH Scavenging Activity of Boletus spp. Extract
The free radical of 2,2-diphenyl-1-picrylhydrazyl is a stable free radical used to evaluate the scavenging activity of sample extract [24] . In this study, all the sample extracts show positive scavenging activity against extract concentration until certain limit. Ascorbic acid shows the highest DPPH scavenging activity suggesting that it is still the best natural antioxidant metabolite with EC 50 value is approximately 0.5 mg/ml (Figure 1) . By looking at the sample extracts, methanol extracts either from pileus or stipe show higher DPPH scavenging activity compare to all type of water extracts. This may be due to the abundance of active compounds in methanol extracts as discuss before. However, the whole sample extracts show approximately 1 mg/ml for their EC 50 value except for water extract from stipe. This result is close to Heleno et al. [25] findings where the EC 50 value for six different Boletus species is between 0.3 -0.8 mg/ml. On the other hand, there is no significant difference observed between all types of sample extracts.
Chromatographic Separation
The matrix separation of samples, control and blank are carried out through reversed phase chromatographic separation that produces 24 total ion chromatograms (TIC), respectively. It was predicted that the intensity of sample chromatogram lower than control chromatogram; indicates some of antioxidant metabolites have been oxidized by the DPPH. Figure 2 showed that the TIC for sample, control and blank chromatogram. In general, Figure 1 . DPPH scavenging activity of water and methanol extract from Boletus spp. Each value is mean ± standard deviation from five replicates. the gradient of mobile phase was constantly decreased from polar to non-polar whereas the stationary phase was maintained to be non-polar, enable the hydrophilic antioxidant metabolites elute first followed by hydrophobic antioxidant metabolites. It is obvious that some peaks are disappeared and some are lower in the sample chromatogram when comparing to the control chromatogram at particular retention time, thus supporting the idea of oxidized antioxidant metabolites by the DPPH. This observation is similar to Calderón et al. [18] . However, there are few peaks observed from blank chromatogram as well. It could be due to some impurities from mobile or stationary phase even the LCMS system. That is a good practice to subtract the impurity peaks before extracting the ions from the full single MS data [18] .
Data Mining and Analysis
In order to mining and analyzing the data obtained from chromatographic separation through LC-QTOF-MS, the full single MS data were exported to MQA prior to MPP to analyze the complexity of the data. Expectedly, number of MFs is drastically decreased across the sample set either for before or after validation stage ( Table 2 ). The decrease number of MFs gives the idea of MFs accuracy after passing through the alignment, filtering, significance testing and fold change processes. The initial number of MFs (5376) is obtained after aligning all the suggested MFs from MQA across all sample and control. The number of MFs is reduced (969) after filtering by frequency; where the MFs are retained only if the previous MFs (5376) are 95% existed in one group only. Subsequently, the number of MFs is continuing decreased (735) after statistically analyzed by un-paired t-test prior to volcano plot analysis (301) with fold change value is more than 7 fold. Interestingly, the real number of MFs (43) is one seventh from the number of MFs before validation (301); reveals that there are so much false positive. This may be due to the initial number of MFs suggested from MQA is extracted based on algorithm that is not correspond to the compounds present in sample and control.
Advanced Chemometric Analysis
To overview the relationship between samples and controls, PCA is employed to reveal the variation within and between variables in multidimensional space. PCA is an unsupervised recognition technique, enabling data dimensionality reduction while retaining maximum variability of the data [18] . As illustrated in Figure 3 , score plot of PCA shows the samples and controls distribution. The PCA model contains three components where the first, second and third component explains 64.7%, 4.9% and 4.5% of the variation, respectively. Total of variation for the model is 74% and the other 26% is residue. As observed from Figure 3 , the samples and controls are separated between each other; indicate variation of antioxidant metabolites abundance. For the samples, there is within variation and two outliers as there are two dots located outside the eclipse Hoteling's T 2 . The within variation of samples may be due to antioxidant metabolic flux while reacting with DPPH, meanwhile the outliers may be due to human error while conduction the assay prior to LC-QTOF-MS analysis. On the other hand, the controls are pure sample without DPPH that explaining the cluster character of control.
In order to overview the variation of antioxidant metabolites abundance between samples and controls, loading plot of PCA is illustrated in Figure 4 . There are two clusters of antioxidant metabolites observed which is from samples and controls where all the dots represent antioxidant metabolites. As noticed, the abundance of antioxidant metabolites from samples is less than controls. This may be due to some of the antioxidant metabolites of samples have been utilized to oxidize the DPPH.
To construct and validate a statistical model for antioxidant metabolites abundance classification, OPLS-DA is used to demonstrate the discrimination potential offered by PCA model. This statistical model is better than Retain entities where at least 95% of sample in one group. PLS-DA which had been demonstrated by Vaclavik et al. [22] where the OPLS-DA improves model visualization and interpretation by separated the data into predictive (correlated) and orthogonal (uncorrelated) variation [26] . Score plot of OPLS-DA shows good separation with 99.6% of variation between samples and controls with goodness of prediction is 99.3% (Figure 5) . The OPLS-DA model contains one predictive variation and one orthogonal variation with 64.1% and 5%, respectively. It means 64.1% of variation regarding to separation between samples and control, meanwhile the 5% of variation regarding to the antioxidant metabolites abundance.
In order to identify the antioxidant metabolites that involved in DPPH oxidation assay, s-plot is an easy way to visualize the OPLS-DA classification model [26] . The s-plot combined the modeled covariance and modeled correlation from OPLS-DA model in a scatter plot where if the data have variation in peak intensities, this plot will look like an S. As can be seen from Figure 6 , all the dots represent antioxidant metabolites from samples and controls which look like the S shape. The x-axis will describe the magnitude of each variable whereas the y-axis represents the reliability of each variable. In this case, the potential antioxidant metabolites that involved in DPPH oxidation assay should come from control group at high magnitude and reliability ( Table 3 ).
Conclusion
In this study, Boletus spp. extracts had showed antioxidant activity by the DPPH assay. To the best of our knowledge this study considered the first study that revealed the antioxidant activity of Boletus spp. proven by profiling the antioxidant metabolites through high-end LC-QTOF-MS. From the advanced chemometric analysis, all the potential antioxidant metabolites that involved in the DPPH oxidation assay were statistically significance. Therefore, Boletus spp. extract might be a potential source of natural antioxidants, and the consumption of mu- shrooms might give certain level of health defense against uncontrolled production of free radicals. With the established antioxidant activity of this mushroom extracts, an individual activity test of these antioxidative components from Boletus spp. is highly recommended.
